We show that Abelian discrete symmetries ZN and ZnR from string orbifolds result by assigning vacuum expectation values(VEVs) only to specified singlets. These singlets obtaining VEVs carry the gauge charges (of the covering U(1) gauge group) as multiples of N for ZN and n for ZnR. We explicitly show this realization in a Z12−I orbifold model.
I. INTRODUCTION
Discrete symmetries in string compactification are the key ingredients in investigating effective low energy interactions [1, 2] . It became more important after realizing that gravity does not necessarily preserve global symmetries [3, 4] such as the Peccei-Quinn(PQ) symmetry [5, 6] . At field theory level with supersymmetry(SUSY), there exists a host of literature on discrete symmetries [7] [8] [9] [10] [11] .
Discrete symmetries dictate the classical interactions. Given the interactions, quantum corrections may or may not break the discrete symmetries. To cancel quantum mechanical anomalies, in an effective theory at low energy with an integer normalization with the smallest integer charge magnitude set to 1, the needed constraints have been obtained in Refs. [9, 10] . If the constraints cannot be satisfied, it was argued that there exist new fractionally charged states and an enlarged symmetry group at high energy [10] . In string compactification, we can obtain all the massless spectrum below the compactification scale M c . The Kaluza-Klein(KK) states have masses above O(M c ), and we anticipate that no quantum mechanical inconsistency of light fields results from the KK states. Indeed in Ref. [10] , no inconsistency was found from string compactification with the string modular invariance conditions satisfied. The KK states may have consequently an enlarged symmetry compared to that of the corresponding massless spectrum [10] , but the massless spectra from string compactification already satisfy the constraints [11] and an enlarged symmetry may not be mandatory.
Since there does not exist a universally accepted quantum gravity at present, here we comment only on the classical aspects of the gravity sector. Topology change by black holes and wormholes can take out charges from our observable universe O, which may look breaking a symmetry or not from the point of O. For example, as shown in Fig. 1 , wormholes can take out charges from our universe O. If the charge escaping O is the gauge charge then it drags the field lines which become a thin flux tube in the wormhole. If one tries to separate the shadow world S from O by cutting the wormhole, the vacant space between the cut surfaces must be null by creating + and -gauge charges at the cut surfaces of charge is conserved since he recovers the + charges of the cut surface, and the wormhole looks like carrying a hair. On the other hand, global charges have a different fate since they do not drag field lines. If global charges escape from the observable universe O to some shadow universe S, cutting the wormhole to separate the shadow world S from O does not leave any trace to O and the observer O notices that the global charge is not conserved in his universe O, concluding wormholes (or gravity) break global symmetries. Around a particle, let us consider topology for continuous and discrete symmetries. The continuous symmetry includes the gauge and global symmetries. Being continuous, the continuous symmetry is used to get all information around the particle through the Gell-Mann-Levy equation if the information at a nearby point is given, where the gauge and global continuous symmetries are distinguished by carrying flux lines or not. For discrete symmetries, string compactification allows discrete symmetries [1] . If discrete symmetries arise as discrete subgroups of E 8 × E 8 ′ of the hetrotic string, then they belong to the discrete gauge symmetry, which guarantees the unbroken symmetry by gravity [8] . Namely, we expect that the gravity sector does not break discrete symmetries.
Here, being not concerned with quantum gravity, we limit ourselves to the case of weak gravity. But for the gauge interactions, quantum corrections may break The height has the contribution from the anomaly and the global symmetry breaking higher order terms. The vacuum energy along the green and lavender loops (due to Z2) are tilted but Z2 is unbroken as the green and lavender loops are identical except for their Z2 quantum numbers(marked as red bullets and blue triangles).
the discrete symmetry, which has been studied considering the discrete gauge anomaly [7] [8] [9] [10] . Considering the string compactification in this paper, however, we will not worry about discrete anomalies if the discrete group arises from a subgroup of a gauge U(1) of string compactification. It is also known that the anomalous U(1) conditions are always satisfied in string compactification [12] . In a sense, the field theoretic conditions presented in Refs. [13, 14] are automatically satisfied from field contents of string compactification.
The most discussed discrete symmetry is the R-parity in SUSY models [15] , allowing a CDM candidate.
1 The R-parity is a discrete subgroup Z 2R of global U(1) R . It is easily understood in an SO(10) grand unification (GUT) with a spinor matter Ψ = 16 and a vector Higgs Φ = 10. The simplest lattice length of E 8 is √ 2,
The spinor Ψ in the group space of E 8 is represented by weights having half-integer entries,
and the vecor Φ is represented by weights having integer entries,
Then, it is trivial to notice that the dimension-3 superpotential is ΨΨΦ which allows R-parity -1 for Ψ and R-parity +1 for Φ. We can express this kind of Z 2 parity by a subgroup of U(1) whose generator is consisting of an odd number of ±2, for example,
Thus, with P · Ψ = odd and P · Φ = even, we realize a kind of R-parity. The basic reason for this comes from the weights having either half-integer entries or integer entries, i.e. spinor or vector type representations in the group space of SO(10). In the low energy effective theory, the discrete group Z 2 is unbroken if grand unification(GUT) scale vacuum expectation values(VEVs) are assigned only to those having even integers of P . Without SU(5) singlet contribution, P can be proportional to 3B − L for the fields in 5 of SU (5). But, adding an SU (5) singlet contribution ∝ B+L, it can be made proportional to B − L as noted in [19] .
In contrast to the above Z 2 subgroup of a gauged U(1), a discrete subgroup of global U(1)'s can be also considered: U(1) PQ [24, 25] and U(1) R [26] . In this case, the discrete subgroup can be approximate since the covering global U(1)'s are not exact anyway. Obtaining the scale of this kind of discrete symmetry breaking is modeldependent. Of course, there is a possibility that some discrete subgroup of a gauged U(1) can be made exact. For example, consider a spontaneously broken continuous (gauge or global) symmetry U(1). The vacuum energy in terms of the variable φ developing VEV is shown in Fig.  2 .
For a supersymmetric CDM particle, an exact Z 2R is needed such that the lightest odd Z 2R can work as the supersymmetric CDM [20, 21] .
In this paper, we present this idea within a specific string compactification model SU(5)×SU (5) ′ ×U(1) 8 already published in [22] . Reference [22] is simple enough to present the basic idea because there is a small number of U(1)'s and hence a relatively small number of singlet fields and a discussion can be presented succinctly.
II. Zn+2 VERSUS ZnR
In the bottom up approach, firstly we may be interested in a discrete group of the minimal SUSY standard model(MSSM). The anomaly consideration of discrete group with gauge fields and gravity require certain conditions such that a need for light singlets beyond the MSSM fields may result [14] . Next we can consider the breaking scale of Z nR .
But in the top down approach, we do not worry about the anomaly constraints since all the light particle spectra are determined such that no anomaly is present if we include the Green-Schwarz mechanism [12, 30] .
The U(1) R symmetry is not exact since superpartner masses are split anyway due to SUSY breaking. Thus, Z nR symmetry is broken. In string compactification, it was argued that Z nR arises from a discrete remnants of the Lorentz group of the compactified space [31] .
In the effective theory of the MSSM, the discrete symmetries are found from the superpotential W . Suppose that W consists of cubic terms only, including those leading to the quark and lepton Yukawa couplings. One possible R-charge assignment is that every field carries R = 2/3 of Z 2R . Another way to define the charges is non-R symmetry Z 2 : +1 for quark and leptons and −2 for Higgs bosons. This kind of ambiguity from dimension-3 superpotential can be extended to Z nR and Z N (with N = n + 2). Here, we consider the possibility of a discrete subgroup of U(1) R symmetry, in which case it is denoted as Z nR . For Z nR , the superpotential carries two units of U(1) R charge modulo n. For non-R symmetry, the superpotential carries zero unit of U(1) charge modulo N . If dimension-3 superpotential terms carry n + 2 units of some U(1) charge, one can consider Z nR if SUSY transformation is included or just Z n+2 if SUSY transformation is not included. For example, the Z 3 orbifold does not allow the µ term and starts from dimension-3 W [32] . For Z 2R , the R-charge assignment is R = 2/3 for every field. For Z 4 , the R-charge assignment is R = 1 for quark and leptons and R = 2 for the Higgs fields, and it is required that some R = 4 singlets obtain a VEV.
String compactifications do not restrict to dimension-3 superpotential terms only. The selection rules are applied to all terms in the superpotential [18, 24, 26, 29, 35, 36] . But the number of possible dimension-3 superpotential terms allowed by the selection rules are generically smaller than the number of dimension-ℓ terms for ℓ > 3, as checked in [24] . Therefore, it is likely that the discrete symmetry obtained from dimension-3 terms has an accidental symmetry larger than the one obtained from all terms in the superpotential.
Consider a gauged U(1) direction in terms of the Cartan subalgebra orthogonal to the SM gauge group. Let the corresponding U(1) generator be Γ, and the charges are normalized such that the smallest nonzero integer units are ±1. One such example was given above as P . Assuming that dimension-2 term is not allowed, consider dimension-3 superpotential terms. If we cannot find a dimension-3 Γ = 0 superpotential term consistent with the low energy gauge symmetry, then the next higher value of Γ to consider is dimension-3 Γ = (n + 2) superpotential terms. If there exist such terms, then the discrete symmetry of dimension-3 superpotential is Z n+2 .
Restricting to dimension-3 superpotential terms, we can also declare that the discrete symmetry is Z nR . Now considering higher order terms, one finds that Z n+2 and/or Z nR are broken.
The VEVs of singlet fields break some gauge symmetries down to Z N (N = n + 2) and Z nR . If a singlet field carrying (n + 2) units of U(1) charge, the gauge group U(1) is broken to Z n+2 . If another singlet field carrying m units of U(1) charge, the unbroken discrete group is the largest common divisor of n + 2 and m. This argument is extended to the VEVs of all singlet fields. This simple fact is well-known for a long time, and recently it has been discussed systematically in [31] . So, to find out the discrete groups, firstly we consider GUT scale VEVs of singlet fields. For the exact discrete symmetry, we must consider the electroweak scale VEVs of the Higgs doublets, {H u , H d }, also. Next we consider the superpotential terms.
For the U(1) R symmetry, it is broken by the SUSY breaking effect, probably at the intermediate scale. But, the U(1) R breaking by the GUT scale VEVs is more conspicuous than the SUSY breaking effect below the intermediate scale [33, 34] .
In SUSY models, the µ term must be forbidden at the GUT scale [23] . A discrete subgroup of U(1) R must be approximate [26] [27] [28] . The R-parity must be a subgroup of a U(1) R group. With R-parity, however, the µ term is not forbidden. To forbid the µ term, recently, Z 4R which is a discrete subgroup of U(1) R has been considered, where the quark and lepton fields are assigned 1 and Higgs doublets 0 charges of Z 4R quantum number [14] . Thus, qu c H u and qd c H d , carrying two units of U(1) R , are allowed but the µ term H u H d is not allowed. In addition, dimension-4 superpotential termℓ is not allowed. Another way to forbid a GUT scale µ is the permutation symmetry S 2 × S 2 where a massless pair of Higgs doublets always appear [4] .
III. DISCRETE GROUPS FROM ORBIFOLD COMPACTIFICATION
In the Z 12−I orbifold, the twist vector of complex 3-dimensions is [29] , 
+ − − − − ;
, (νe, e) T : −1 −1 −1 The gauge group and the resulting phenomenology of this model have been extensively discussed in [22] .
The U(1) generator we consider must commute with the unbroken gauge group generators of SU(5)×U(1) X . One such example is
Since Y and X of the flipped SU(5) belong to the generators of SO (10), B − L can be expressed in terms of Y and X.
Five U(1) gauge quantum numbers of two flipped SU(5) families appearing in Ref. [22] are given in Table   I . The Z 2 subgroup of U(1) P can be a good candidate for the R-parity since the Higgs doublets are even and matter fields in Table I are odd under this Z 2 . For an exact Z 2 , the GUT scale singlets having odd U(1) P quantum numbers should not develop VEVs.
U(1)
R cannot be U(1) P since U(1) R is a global symmetry and U(1) P is a gauge symmetry.
A. Singlets
Possible U(1) generators we illustrate, such that all Higgs singlets and doublets carry even quantum numbers and quark and leptons carry odd quantum numbers, are 
which are mixtures of E 8 and E [35] . All the integer entries imply appropriate directional cosines multiplied and the charge operators Z i need not be normalized, i.e. an appropriate factor is then multiplied such that the minimum nonzero magnitude of quantum numbers is 1. From Tables I and II, for R-parity the Higgs fields are chosen with even quantum numbers of Z 4 , Z 8 , Z 10 , and Z 12 . Thus, there results a matter parity Z 2 and there exists a stable lightest Z 2 odd particle in these theories.
Z10
To break the U(1) gauge group to Z 10 , refer to the Z 10 column of Table II. In this specific GUT example, however, Z 10 cannot be obtained from the Z 10 column of Table II because 10 can be divided by 5(the center of SU (5)) and reduces to Z 2 [37] . Here, we just show the possibility of Z 10 quantum number, and if we really want to obtain Z 10 , we have to find out Z 50 . In the following, we disregard the center of the GUT group. If s 9 , s 13 , and s 18 , carrying ±10 units of Z 10 , develop VEVs but all the other singlets do not develop VEVs, then the vacuum discrete group is Z 10 . In addition, if the dimension-3 W carries Z 10 = 10 and Z 10 = 0 terms, the discrete group of dimension-3 W is Z 10 . If higher order (0 0 0 0 0 superpotential terms are not a multiple of 10, which will be the case generically, then Z 10 is broken by these higher order terms. Below the electroweak scale the remaining discrete group cannot be larger than Z 2 since the greatest common divisor of 2(the quantum number of H u and H d ) and 10(for Z 10 ) is 2. Thus, there exists an unbroken Z 2 and the lightest Z 2 odd particle can be a CDM candidate.
Z8R
To break the U(1) gauge group to Z 8 , refer to the Z 8 column of Table II . If the dimension-3 W carries Z 8 = 10 terms but no Z 8 = 0 term, then the discrete group of dimension-3 W can be taken as Z 8R . To obtain Z 8R , s 9 , s 13 , and s 18 are required to obtain the GUT scale VEV, and all the other singlet VEVs are zero. Below the electroweak scale the remaining discrete group is Z 2 since the greatest common divisor of 2(the quantum number of H u and H d ) and 8(for Z 8R ) is 2. Thus, there exists an unbroken Z 2 and the lightest Z 2 odd particle can be a CDM candidate.
D-and F-flat directions
In principle, the VEVs we have chosen must satisfy the D-flat and F-flat directions [19, 22] . For example, let us consider the Z 10 example of s i = 0 for i = 9, 13, 10, 11, 12, 14, 15, 16 and s i = 0 for i = 9, 13, 10, 11, 12, 14, 15, 16 
where we simplified the parameters and also the VEVs s i = V (i = 9, 13) and s i = v (i = 10, 11, 12, 14, 15, 16) . The F-flat conditions lead to two independent equations,
Thus, we can show the existence of a possible solution
B. Proton decay
The R-parity forbids the dimension-3 superpotential term u c d c d c which breaks the baryon number. But the dimension-4 superpotential terms, for exampleℓ, are not forbidden. However, the dimension-4 superpotential term ℓℓH u H u is needed for neutrino masses via the seesaw mechanism. Forbiddingℓ but allowing ℓℓH u H u have been studied under 'proton hexality' [38] and Z 4R [14] . With the Z 4R quantum numbers of Table I , the dimension-4 superpotential breaking B is forbidden, but the dimension-4 superpotential terms for neutrino masses are allowed. With Z 8R , the dimension-4 superpotential term breaking B is forbidden, and also the dimension-4 superpotential terms for neutrino masses are not allowed. For neutrino masses, referring to the Z 8 column of Table II, one has to consider dimension-5 superpotential terms such as ({s 14 , s 19 }/M 2 P )ℓℓH u H u . With the GUT scale VEVs of these singlets, a correct order of neutrino masses can be obtained. In this case of Z 8R with GUT scale singlet VEVs, we have to check again the dimension-5 superpotential term breaking B. This can happen with (s 11 /M 2 P )qqqℓ. So, requiring the VEVs of s 11 and s 14 sufficiently small, i.e. < 10 −7 M P , the effectiveℓ term is sufficiently suppressed. In this sense, we have a hierarchy of VEVs, s i (i = 9, 11, 13, 14) ≪ s 11 ≪ s 14 ≪ s 9 , s 13 , satisfying the F-and D-flat conditions. This scenario may be better than those completely forbidding proton decay, in the sense of observing proton decay in the near future.
C. QCD axion
For the approximate PQ symmetry in Z 8R , one can consider many possibilities. But not writing down all the spectra here, it is difficult to present the scenario concretely. Here we present the idea only, with a hidden confining force for dynamical SUSY breaking. There exist heavy quarks. If the heavy quarks are assigned some PQ charges, then some singlets must carry the PQ charges since these singlet VEVs give masses to the heavy quarks. Let all the other fields carry zero PQ charges. Then, this PQ symmetry cannot be a gauge symmetry since the singlets must couple at some higher order to other fields such as to H u and H d , allowed by gauge symmetry but forbidden by the PQ symmetry. So, the U(1) PQ we introduced is an approximate one. If the string compactification does not introduce the anomalous U(1), we have (1) the model-independent axion [39] 2 and (2) the axion from the above PQ symmetry we introduced from the heavy quarks. This two axion system has the following feature. The mass eigenstates are such that heavier axion (obtaining mass by the hidden sector gauge anomaly) has decay constant presumably at the intermediate scale 10
10 − 10 12 GeV by the VEVs of singlets (the smaller VEV of the two scales) and the QCD axion has the decay constant raised to the string scale (the larger VEV of the two scales) [42] . However, if the string compactification introduces the anomalous U(1) [30] , the anomalous U(1) becomes a global U(1) below the anomalous U(1) gauge boson mass. Again, the decay constant corresponding to the model-independent axion is expected at the GUT scale, and by a similar argument discussed above the QCD axion decay constant is expected at the GUT scale if a fine-tuning is not introduced. The basic reason for this difficulty results from another unbroken nonabelian gauge group at the intermediate scale, which can be circumvented in composite QCD axion scenarios [43] . It will be very useful if a fundamental QCD axion resolves this problem with discrete symmetries [44] .
IV. CONCLUSION
We have presented a simple and explicit method of obtaining Abelian discrete groups Z N from string compactification, by assigning VEVs to specified SM singlets. For the application, we need a full spectrum from string compactification. Z N can be embedded in a gauged U(1) direction in the string compactification. In this case, we need not worry about discrete anomalies and obtaining the full spectrum is the requisite. To have a DM candidate a Z 2 is required to be unbroken. If applied to global symmetries such as to U(1) PQ and U(1) R , the vacua are tilted. The discrete symmetries Z n+2 and Z nR from string compactification are also discussed.
